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1
RADOME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the full benefit of and priority to
U.S. Provisional Patent Application Ser. No. 61/345,495,
filedon May 17,2010 and entitled RADOME which is hereby
incorporated by reference herein in its entirety.

TECHNICAL FIELD

This disclosure relates generally to structures for enclosing
communication devices and more particularly to radomes for
enclosing communication devices that transmit or receive
electromagnetic radiation.

BRIEF DESCRIPTION OF THE DRAWINGS

It is believed that certain examples will be better under-
stood from the following description taken in combination
with the accompanying drawings in which:

FIG. 1 is a schematic front view depicting a wireless com-
munication device;

FIG. 2 1is aperspective view depicting a radome foruse with
the wireless communication device of FIG. 1;

FIG. 3 is an elevation view depicting the radome of FIG. 2;

FIG. 4 is a cross-sectional view depicting the radome of
FIG. 2 taken along the line 4-4 of FIG. 3;

FIG. 4A is a detailed view depicting a portion of the
radome of FIG. 2 as identified in FIG. 4; and

FIG. 5 is a plan view depicting the radome of FIG. 2.

SUMMARY

A radome can comprise a substrate that comprises a first
material and an outer layer that comprises a second material
and is positioned adjacent to the substrate. The first material
of'the radome can comprise a generally rigid polymeric mate-
rial. The generally rigid polymeric material of the radome can
comprise polyether ether ketone. The first material of the
radome can further comprise a filler. The filler material of the
radome can be selected from the group consisting of carbon
black, talc, and glass, oxide. The second material of the
radome can be an elastomeric material. The elastomeric
material of the radome can comprises polyurethane. The elas-
tomeric material of the radome can further comprises a mate-
rial selected from the group consisting of 1,1'-(Ethane-1,2-
diyl)bis[pentabromobenzene]|, carbon black, and antimony
trioxide.

The outer layer of the radome can be coupled to the sub-
strate. The outer layer of the radome can be over-molded onto
the substrate. The substrate of the radome can include a recess
and the outer layer of the radome can include a protrusion,
where the protrusion is least partially positioned in the recess.

A wireless communication device can comprise a body
arranged to include communication equipment and a radome
coupled to the body. The radome can comprise a first portion
that comprises a first material and a second portion that com-
prises a second material. The first portion of the wireless
communication device can comprise a generally rigid poly-
meric material and the second portion of the wireless com-
munication device can comprise a generally elastomeric
material. The radome of the wireless communication device
can be operational at a temperature of about -50 degrees
Celsius and a temperature of about 85 degrees Celsius.
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The radome of the wireless communication device can
comply with a chemical compatibility standard of Approval
Standard for Electrical Equipment for use in Hazardous
(Classified) Locations General Requirements, Class Number
3600, November 1998 for at least one test chemical. The
radome of the wireless communication device can comply
with a chemical compatibility standard of Approval Standard
for Electrical Equipment for use in Hazardous (Classified)
Locations General Requirements, Class Number 3600,
November 1998 for at least two test chemicals. The radome of
the wireless communication device can comply with a chemi-
cal compatibility standard of ISA S12.0.01:1998 from the
International Society of Automation. The radome of the wire-
less communication device can comply with a resistance to
light standard of IEC 60079-0:2007, Fifth Edition from the
International Electrotechnical Commission.

The radome of the wireless communication device can
comply with an ultraviolet light exposure standard of UL
746C, Sixth Edition from Underwriters Laboratories Inc. The
radome of the wireless communication device can comply
with a flammability standard of UL 94, Fifth Edition from
Underwriters Laboratories Inc. The radome of the wireless
communication device can be classified as V-0 for a flamma-
bility standard of UL 94, Fifth Edition from Underwriters
Laboratories Inc. The radome of the wireless communication
device can comply with a surface resistivity standard of IEC
60079-0:2007, Fifth Edition from the International Electro-
technical Commission. The radome of the wireless commu-
nication device can comply with a resistance to impact stan-
dard of IEC 60079-0:2007, Fifth Edition from the
International Electrotechnical Commission. The radome of
the wireless communication device can have a dielectric
breakdown voltage of about 1500 volts root mean square
(VRMS).

DETAILED DESCRIPTION

The apparatus and methods disclosed and described in this
document are described in detail with the views and examples
of'the included figures. Unless otherwise specified, like num-
bers in figures indicate references to the same or correspond-
ing elements throughout the views of the figures. Those of
ordinary skill in this art will recognize that modifications to
disclosed and described components, elements, methods,
materials, etc. can be made and may be desired for a specific
application. In this disclosure, any identification of specific
shapes, materials, techniques, and the like are either related to
a specific example presented or are merely a general descrip-
tion of such a shape, material, technique, etc. Identifications
of specific details are not intended to be and should not be
construed as mandatory or limiting unless specifically desig-
nated as such. Selected examples of radomes and methods of
their manufacture are hereinafter disclosed and described in
detail with reference made to FIGS. 1 through 5.

An exemplary wireless communication device 10 is illus-
trated in FIG. 1. The communication device 10 can include a
body 12 and a radome 14 that can be coupled to the body 12.
The communication device 10 can be arranged to facilitate
wireless communication between disparately located pieces
of'equipment, machines, apparatuses, appliances, computers,
servers, and the like. Specifically, the communication device
10 can be used to wirelessly communicate data from one or
more field devices such a temperature sensors, pressure sen-
sors, flow sensors, or other types of sensors or detectors
typically used to monitor or control a wide variety of indus-
trial, chemical, or manufacturing processes.
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In one example, the communication device 10 can be
arranged so that when the communication device 10 is
remotely deployed in the field, the communication device 10
can communicate with one or more field devices, a gateway,
or both. The wireless communication device 10 can be placed
in communication with equipment remotely located from the
field to facilitate communications between a field device and
the equipment. The communication device 10 can also be
placed in communication with the equipment by, for example,
directly wiring the wireless communication device 10 to the
field device or connecting the wireless communication device
10 along a current loop associated with the equipment. In one
example, a junction box can be used to connect the commu-
nication device 10 to a 4-20 mA or a 10-50 mA current loop
(not shown) and thus place the communication device 10 in
data or electrical communication with a field device or other
equipment positioned along the current loop.

The body 12 of the wireless communication device 10 can
enclose communication equipment such as a transmitter, an
antenna, a receiver, a transponder, power circuitry, and the
like capable of using, transmitting, or receiving electromag-
netic signals. The radome 14 can be coupled to the body 12
and can be generally or at least partially transparent to elec-
tromagnetic signals, radio frequency signals, electromagnetic
radiation, or other such communication signals. That is, the
radome 14 can be arranged so that it either does not attenuate
electromagnetic radiation, minimally attenuates electromag-
netic radiation, or partially attenuates electromagnetic radia-
tion transmitted or received by an antenna (not shown) that
can be disposed within the radome 14 and connected to com-
ponents disposed within the body 12 so as not to adversely
affect communications. An example of an electromagnetic
signal that can be transmitted through the radome 14 includes
low-powered radio frequency signals conforming to the IEEE
802.15.4 (ZigBee™ specification), one of the IEEE 802.11.x
(WiFi™), family of protocols, or other suitable wireless com-
munication protocol. It will be understand that a wireless
communication device 10 with a radome 14 can be arranged
to conform to any number of wireless communication meth-
ods, protocols, or standards.

The radome 14 can be arranged to protect components
internal to the wireless communication device 10, such as
antennas, transmitters, etc. Such protection can enable the
deployment of the wireless communication device 10 in any
number of hazardous or industrial environments. For
example, the radome 14 can provide protection from any
number of adverse environmental conditions such as resisting
degradation from a variety of chemicals, resisting damage
from flames, resisting degradation due to ultraviolet light,
remaining operational across a broad temperature range, sur-
viving low-temperature impact, and dispersing static electric-
ity. The radome 14 can provide such protections while allow-
ing for the transmission of electromagnetic signals such as
radio frequency radiation into and out of the wireless com-
munication device 10. The radome 14 can be arranged to
include certain properties and characteristics so as to meet an
intrinsic safety rating for a given environment or be explosion
proofunder given conditions. In addition, the radome 14 can
protect the antenna, transmitter, receiver, and other internal
components from general weather conditions such as wind,
rain, ice, sand, etc. and can further conceal the antenna, trans-
mitter, receiver, and other internal components from public
view.

The radome 14 is illustrated in greater detail in FIGS. 2-5.
FIG. 2 is a perspective view of the radome 14, FIG. 3 is an
elevation view of the radome 14, FIGS. 4 and 4A are cross-
sectional view of the radome 14, and FIG. 5 is a plan view of
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the radome. As shown in these FIGS., the radome 14 can
include a substrate 16, an outer layer 18 that can be coupled or
positioned adjacent to the substrate 16, and a threaded portion
20. The substrate 16 can be arranged to provide for the struc-
tural integrity of the radome 14. In one example, the substrate
16 is shaped as a generally dome-shaped structure. The sub-
strate 16 can be formed from a relatively rigid material so as
to define the general dome shape of the radome 14 and pro-
vide structural integrity to withstand impact and internal pres-
sure over a broad temperature range. The substrate 16 can also
be arranged to be resistant to damage and degradation due to
exposure to flames, chemicals, or ultraviolet (UV) radiation.

In one example, the substrate 16 can be fabricated from
polyether ether ketone (PEEK). In another example, the sub-
strate can be fabricated from a filled PEEK resin. The PEEK
can be filled with a number of mixtures. In one example, filled
PEEK can comprise “glass, oxide;” carbon black; or talc. In
another example, filled PEEK can comprise from about 10 to
about 30 percent “glass, oxide” by weight; from about 1 to
about 5 percent carbon black by weight, and from about 5 to
about 10 percent talc by weight.

In addition to providing structural integrity, PEEK or filled
PEEK can also have a relatively low dielectric constant to
minimize to the extent practicable any attenuation of radio
signals though the radome 14. The threaded portion 20 of the
substrate 16 can be formed as an integral portion of the
substrate 16 so that the radome 14 can be coupled to a match-
ing threaded portion (not shown) of the body 12 to form the
wireless communication device 10.

As illustrated in FIG. 4, the outer layer 18 can be formed
and coupled to or positioned adjacent to the substrate 16. As
will be subsequently discussed, the outer layer 18 can be
coupled to or positioned adjacent to the substrate 16 through
a variety of techniques or methods.

The outer layer 18 can be formed or fabricated from a
thermoplastic elastomer (TPE). For example, the outer layer
18 can be a styrenic block copolymer, a polyolefin blend, an
elastomeric alloy such as a dynamically vulcanized thermo-
plastic, a thermoplastic polyurethane (TPU), a thermoplastic
copolyester, a thermoplastic polyamide, or the like. In one
example, the TPE can be arranged to have a hardness such that
its durometer is in the range of about 50 to about 60. Such a
TPE material can enhance the impact resistance of the
radome 14. In one example, the TPE can be arranged to have
electrical properties such that its surface resistance is in the
range of about 10° to about 10° ohms (Q), and the TPE can
provide for static dissipation.

In another example, the TPE used to form or fabricate the
outer layer 18 can be TPU. The composition of the TPU can
be selected based on the desired properties for the radome 14.
For example, the TPU can comprise a mixture of 1,1'-
(Ethane-1,2-diyl)bis[ pentabromobenzene], carbon black,
and antimony trioxide. The TPU can comprise from about 10
to about 30 percent 1,1'-(Ethane-1,2-diyl)bis|[pentabro-
mobenzene| by weight, from about 1 to about 5 percent
carbon black by weight, and from about 5 to about 10 percent
antimony trioxide by weight. In other examples, the outer
layer 18 can be fabricated from a polyester-based material
that can be mainly derived from adipic acid esters, or the outer
layer 18 can be fabricated from a polyether-based material
that can be mainly derived from tetrahydrofuran (THF)
ethers.

The outer layer 18 can be coupled or positioned adjacent to
the substrate 16 through a variety of suitable techniques or
methods. The substrate 16 can be arranged to accommodate a
mechanical attachment of the outer layer 18 to the substrate
16. For example, as shown in FIGS. 4 and 4A, the substrate 16
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can include one or more recesses 22, and the outer layer 18
can include one or more protrusions 24. As shown in this
example, each protrusion 24 can at least partially engage an
associated recess 22 and form a mechanical attachment that
can secure or couple the outer layer 18 to the substrate 16. In
another example, the outer layer 18 can be bonded to the
substrate 16 by an adhesive or other such bonding agent (not
shown). In such an example, a suitable mechanical prepara-
tion of the surface of the substrate 16, such as by texturing,
scoring, abrading, or another suitable method, can enhance
any mechanical or chemical bonding of the outer layer 18 to
the substrate 16.

Inyet another example, the outer layer 18 can be fabricated
onto the surface of the substrate 16 and bonded to the sub-
strate 16 during such a fabrication process. This is to say that
the material used to fabricate the outer layer 18 can be applied
to the substrate 16 while in molten form. As the material used
to form the outer layer 18 cools and solidifies, a chemical or
physical bond can formed between the outer layer 18 and the
substrate 16 to secure or couple the outer layer 18 to the
substrate 16.

Another example of a method of coupling the outer layer
18 to the substrate 16 is by over-molding. For example, the
outer layer 18, when formed from TPE, can be over-molded
onto the substrate 16. The TPE material of the outer layer 18
can be selected so that during the over-molding process, the
TPE material of the outer layer 18 can contract or shrink
during cooling to form a shrink fit between the outer layer 18
and the substrate 16. As previously described, a suitable
mechanical preparation of the surface of the substrate 16,
such as by texturing, scoring, abrading, or another suitable
method, can enhance the mechanical bonding of the outer
layer 18 to the substrate 16 when the outer layer 18 is shrink
fit onto the substrate 16. The recess 22 and protrusion 24
described above can also be incorporated into an over mold-
ing processes. It will be understood that any number of suit-
able attachment or coupling mechanisms can be used to
secure the outer layer 18 to the substrate 16.

By combining a substrate 16 composed of one material and
an outer layer 18 composed of a second material to form the
radome 14, each material can fulfill all or a subset of all of the
total performance parameters desired for the radome 14. The
combination of two materials can provide or enhance the
ability of the radome 14 to meet or exceed performance
characteristics of one or more of the parameters desired for a
suitable radome 14. The substrate 16 or the outer layer 18,
individually or in combination, can also meet one or more
design criteria or industry standards desired or required for a
specific application of the radome 14.

In one example, the radome 14 can be arranged to accom-
modate certain general environmental conditions, such as
operation across a temperature range of about —50 degrees
Celsius to about 85 degrees Celsius or across a humidity
range of about 0 percent to about 100 percent. In other
examples, the radome 14 can be arranged to comply with
certain industry standards and protocols regarding safety and
performance. For example, the radome 14 can be arranged so
that its chemical compatibility can comply with “Approval
Standard for Electrical Equipment for use in Hazardous
(Classified) Locations General Requirements,” Class Num-
ber 3600, November 1998 from FM Approvals, which is
hereby incorporated by reference herein in its entirety.

The materials of the outer layer 18, the substrate 16, or both
the outer layer 18 and the substrate 16 ofthe radome 14 can be
arranged so that the radome 14 can resist chemical or physical
changes due to solvent exposure as described in section 5.2 of
“Approval Standard for Electrical Equipment for use in Haz-
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ardous (Classified) Locations General Requirements,” Class
Number 3600, November 1998 from FM Approvals. To deter-
mine whether the radome 14 complies with the chemical
compatibility standards of said section 5.2, the radome 14 can
be tested according to one of the protocols described in sec-
tion 5.2. A protocol of section 5.2 includes a hardness mea-
surement technique to examine whether aradome, such as the
radome 14, meets the standard for chemical compatibility. An
initial hardness measurement is taken and recorded for six test
samples of the radome 14. Each test sample is exposed to the
vapors of one specific test chemical. After the prescribed
exposure to the vapors of the test chemical, a second hardness
measurement is taken and recorded for comparison to the
initial hardness measurement. Each test sample is exposed to
one of the following test chemicals: 1) acetone (from the
ketones chemical family), 2) gasoline (from the aliphatic
hydrocarbons chemical family), 3) hexane (from the aliphatic
hydrocarbons chemical family), 4) methanol (from the alco-
hol chemical family), 5) ethyl acetate (from the ester chemi-
cal family), and 6) acetic acid (from the acids chemical fam-
ily).

The protocol for exposing a test sample to the vapors of one
of'the above-listed test chemicals is to place four fluid ounces
per quart volume (or 120 cubic centimeters per liter) of the
test chemical in a closed vessel and suspend the test sample
above the liquid level. The test sample is subjected to the
vapors of the test chemical for about 150 hours at a tempera-
ture of 20 degrees Celsius, plus or minus 5 degrees Celsius.
After the 150 hours of exposure, the test sample is removed
from the vessel and tested for hardness within an hour of its
removal from the vessel. If any change in the hardness mea-
surement of the test sample after exposure to the test chemical
is not greater than 15 percent, as compared to the initial
hardness measurement, the results of the test sample are
considered satisfactory and the radome 14 is considered to
comply with the standard with regard to the test chemical. It
will be understood that the radome 14 can comply with the
standard for all six of the above-listed test chemicals or can
comply with the standard for only a subset of the above-listed
test chemicals. In addition, the radome 14 can also be com-
pliant with the chemical compatibility standards of other
published standards such as, for example, ISA S12.0.01:
1998, from the International Society for Automation, which is
hereby incorporated by reference herein in its entirety.

Although this disclosure describes certain testing proto-
cols, procedures, and methods of certain published standards,
it will be understood that fuller descriptions of such protocols
or additional protocols are described and detailed in the
respective published standards. Any description herein of a
testing protocol, procedure, or method will not in anyway
limit the testing protocols, procedures, or methods or the
evaluation of a material as complying with published stan-
dards. It will be understood that a number of testing protocols,
procedures, and methods described, detailed, or referenced in
apublished standard can be used to determine if a material or
component complies with the published standard. It should
also be noted that standards can also provide for partial com-
pliance or specific exceptions. The testing protocols, proce-
dures, and methods are included herein as non-limiting
examples.

In another example, the radome 14 can be arranged so that
its resistance to ultraviolet light complies with IEC 60079-0:
2007, Fifth Edition from the International Electrotechnical
Commission or UL 746C, Sixth Edition, from Underwriters
Laboratories Inc., both of which are hereby incorporated by
reference herein in their entirety. The materials of the outer
layer 18 or of the substrate 16, or both the outer layer 18 and
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the substrate 16 of the radome 14 can be arranged so that the
radome 14 is resistant to light as described in sections 7.3 and
26.10 of IEC 60079-0:2007, Fifth Edition from the Interna-
tional Electrotechnical Commission. The testing protocol for
determining whether the radome complies with said section
includes preparing six test bars of standard size: 80+2 milli-
metersx10+0.2 millimetersx4+0.2 millimeters according to
1SO 179-1:2000/Amd 1:2005 from the International Organi-
zation for Standardization. The test bars are made under the
same conditions as the manufacturing of the outer layer 18,
the substrate 16, or both the outer layer 18 and the substrate
16.

The testing protocol is conducted in accordance with ISO
4892-2:2006 from the International Organization for Stan-
dards, in an exposure chamber using a xenon lamp and a
sunlight simulating filter system, and at a black panel tem-
perature of 65+3 degrees Celsius. The exposure time is at
least 1,000 hours. Whether the radome 14 complies with the
standard is determined by testing the impact bending strength
of'the test bars in accordance with ISO 179 referenced above.
Ifthe impact bending strength following exposure in the case
of'an impact on the exposed side is at least 50 percent of the
corresponding value measured for unexposed test bars, the
radome 14 complies with the standard. If the material impact
bending strength cannot be determined prior to exposure
because no rupture has occurred, then not more than three of
the exposed test bars are allowed to break for the radome 14
to comply with the standard.

The materials of the outer layer 18 or of the substrate 16, or
both the outer layer 18 and the substrate 16 of the radome 14
can be arranged so that the radome 14 complies with the
ultraviolet light exposure standards of sections 25, 57.1, and
57.2 of UL 746C. Said sections test for degradation of mate-
rials exposed to ultraviolet weathering by comparing flam-
mability and physical properties of test specimens before and
after exposure to ultraviolet light. An example of a testing
protocol for UL 746C includes using either of the following
sources for ultraviolet radiation: 1) axenon-arc lamp in accor-
dance with ASTM G151-00, “Standard Practice for Exposing
Nonmetallic Materials in Accelerated Test Devices That Use
Laboratory Light Sources,” from ASTM International and
ASTM G155-00, “Standard Practice for Operating Xenon
Arc Light Apparatus for Exposure of Nonmetallic Materials”
from ASTM International where the spectral power distribu-
tion of the xenon lamp conforms to the requirement in Table
1 in ASTM G155-00 for a xenon lamp with daylight filters,
using a programmed cycle of 120 minutes consisting of a
102-minute light exposure and an 18-minute exposure to
water spray with light, and the apparatus operates with a
spectral irradiance of 0.35 W/m? nm at 340 nm and a black-
panel temperature of 63+3 degrees Celsius; or 2) a twin
enclosed carbon-arc lamp in accordance with ASTM G151-
00, and ASTM G153-00, “Standard Practice for Operating
Enclosed Carbon Arc Light Apparatus for Exposure of Non-
metallic Materials” from ASTM International, where the
spectral power distribution of the enclosed carbon-arc shall
conform to the requirements in ASTM G153-00 for enclosed
carbon-arc lamp with borosilicate glass globes, using a pro-
grammed cycle of 20 minutes consisting of a 17-minute light
exposure and a 3-minute exposure to water spray with light
shall be used, and the apparatus shall operate with a black-
panel temperature of 63+3 degrees Celsius.

Test specimens are mounted vertically on the inside of a
cylinder in the ultraviolet-light apparatus, with the width of
the specimens facing the arcs, and so that they do not touch
each other. Two sets of test specimens are exposed. For twin
enclosed carbon-arc, one set is exposed for a total of 360
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hours and the second set for a total of 720 hours. For xenon-
arc, one set is exposed for a total of 500 hours and the second
set for a total of 1000 hours. After the test exposure, the test
specimens are removed from the test apparatus, examined for
signs of deterioration such as crazing or cracking, and
retained under conditions of ambient room temperature and
atmospheric pressure for not less than 16 hours and not more
than 96 hours, before being subjected to flammability and
physical testing. For comparative purposes, specimens that
have not been exposed to ultraviolet light and water are to be
subjected to these tests at the same time that the final exposed
specimens are tested.

Tensile and flexural strength tests are conducted on test
specimens that are generally no thicker than the correspond-
ing thickness of the radome 14. The results of tensile, Charpy
or Izod Impact testing of standard specimens in the nominal 4
millimeter thickness can be considered representative of the
testing of a reduced thickness provided the non-impact test-
ing of the reduced thickness complies with the requirements
of'section 25 of UL 746C. Flammability tests are conducted
onstandard specimens that are representative of the minimum
thickness for each unique flammability classification. If a
material is to be considered in a range of colors, flammability
and physical property specimens representing the natural pig-
ments, the highest level of organic pigments, the highest level
of inorganic pigments, and any color pigments known to
affect weatherability characteristics are to be tested and con-
sidered representative of the entire color range.

Equipment for impact testing can comprise a cast alumi-
num base; two steel-rod impact weights weighing 0.91 kilo-
grams and 1.82 kilograms; a hardened-steel round-nose
impactor weighing 3.64 kilograms and with a radius of 8
millimeters; and a slotted guide tube 1.0 meters in length. The
impact weights slide, and also have inch-pound (joule) gradu-
ations in 0.23 J (2 inch-1b) increments. A bracket fixes the
tube in a vertical position by attaching it to the base and also
holds the hand knob that is a pivot-arm alignment for the
impactor approximately 50 millimeters under the tube. This
equipment is mounted firmly to a rigid table or bench.

Each determination of impact resistance can use 20 test
specimens. One at a time, the test specimens are placed so that
they are centered over the opening in the specimen support.
All test specimens for a given material must be of the same
general thickness. The impactor foot is lowered to come in
contact with the top surface of the test specimen. To conduct
the test, the weight, either 0.91 kilograms or 1.82 kilograms,
as needed, is raised to the height to give the desired impact
value and released so that it drops on the impactor. The test
specimen is examined for a crack, break, or split appearing on
the side opposite the contact area. If the first sample results in
a crack, split, or break, the next test specimen is impacted at
a level one increment lower. If the sample passes this test, the
next test specimen is to be tested at the next increment higher
than the first test specimen. Data is analyzed using the Up-
and-Down Design (Staircase) Method described in the
National Bureau of Standards Handbook 91, Experimental
Statistics, to estimate the mean value before and after the
ultraviolet light exposure.

The Estimated Standard Deviation shall be calculated to
determine if the chosen increments are within the proper
range. An increment equal to the standard deviation is the
most desirable. This deviation is determined from the for-
mula: S=1.6xd[B/N-(A/N)?]+0.47 d, where d is the incre-
ment of height in millimeters. The Mean Failure Height (h) is
determined using the formula: h=h_+d (A/N)£0.5d, where h,,
is the lowest height that impact failure occurred. The Mean
Failure Energy (MFE) is determined from the formula:
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MFE=hw{, where w is the value of the weight in kilograms
and f'equals 9.80665x10~ (a factor for conversion to joules).
The value of MFE before and after ultraviolet light exposure
is used to determine compliance with the impact property
requirements.

The minimum property retention limitations after ultravio-
let conditioning for base test specimens and any colors under
consideration are that: 1) the flammability shall not be
reduced as a result of 720 hours of twin enclosed carbon-arc
(ASTM G151 and ASTM G153) or 1000 hours of xenon-arc
(ASTM G151 and ASTM G155) weatherometer condition-
ing; and 2) for tensile strength, flexibility strength, Izod
impact, or Charpy impact testing, the average physical prop-
erty values after ultraviolet conditioning shall not be less than
70 percent of the unconditioned value.

The materials of the outer layer 18 or of the substrate 16, or
both the outer layer 18 and the substrate 16 of the radome 14
can be arranged so that the radome 14 complies with the
flammability standards of UL 94, Fifth Edition, which is
hereby incorporated by reference herein in its entirety. For
example, to test whether the radome 14 complies with a flame
rating standard of UL 94 or whether a radome 14 would be
classified as V-0 by UL 94, the following test protocol can be
conducted. All specimens are cut from sheet material, or are
cast or injection, compression, transfer or pultrusion molded
to the necessary form. After any cutting operation, care is
taken to remove all dust and any particles from the surface,
and cut edges are to have a smooth finish. Specimens can be
prepared that are 125+5 millimeters in length and 1320.5
millimeters in width, with the specimens representing the
minimum thickness and the and maximum thickness. The
minimum thickness to be tested will be 0.025 millieters and
the maximum thickness will be 13 millieters. Specimens in
intermediate thicknesses are also provided and tested if the
results obtained on the minimum or maximum thickness indi-
cate inconsistent test results. Differences in intermediate
thicknesses are not to exceed increments of 3.2 millieters. The
edges of the specimens are to be smooth with a radius on the
corners is not to exceed 1.3 millieters.

If a material is to be considered in a range of colors,
densities, melt flows, or reinforcement, specimens represent-
ing these ranges are also to be provided. Specimens in the
natural and in the most heavily pigmented light and dark
colors are to be provided and considered representative of the
color range if the test results are essentially the same. In
addition, a set of specimens is to be provided in the heaviest
organic pigment loading, unless the most heavily pigmented
light and dark colors include the highest organic pigment
level. When certain color pigments are known to affect flam-
mability characteristics, they are also to be provided. Speci-
mens in the extremes of the densities, melt flows and rein-
forcement contents are to be provided and considered
representative of the range, if the test results are essentially
the same. If the burning characteristics are not essentially the
same for all specimens representing the range, evaluation is to
be limited only to the materials in the densities, melt flows,
and reinforcement contents tested, or additional specimens in
intermediate densities, melt flows, and reinforcement con-
tents are to be provided for testing.

Two sets of five specimens are preconditioned in accor-
dance with ASTM D618-05 (ISO 291:2005) at 23+2 degrees
Celsius and 50+5 percent relative humidity for a minimum of
48 hours. Two sets of five specimens are preconditioned in an
air-circulating oven for 168 hours at 70+2 degrees Celsius and
cooled in the desiccator for at least 4 hours at room tempera-
ture prior to testing. Each specimen is clamped at the upper 6
millieters of the specimen, with the longitudinal axis posi-
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tioned vertically, so that the lower end of the specimen is
300+10 millieters above a horizontal layer of not more than
0.08 grams of absorbent 100 percent cotton thinned to
approximately 50x50 millieters and a maximum thickness of
6 millieters. The burner is adjusted to confirm to the nominal
50 W test flame. That is, the methane gas supply to the burner
is adjusted to produce a gas flow rate of 105+5 milliliters per
minute with a back pressure less than 10 millieters water per
ASTM D5207-03 from ASTM International. The burner is
placed remote from the specimen and ignited. The burner is
adjusted to produce a blue flame 20+1 millieters high. The
flame is obtained by adjusting the gas supply and the air ports
of the burner until an approximate 20+1 millieters yellow-
tipped blue flame is produced. The air supply is increased
until the yellow tip disappears. The height of the flame is
measured again and adjusted it if necessary.

The burner is made to approach the specimen horizontally
from the wide face at a rate of approximately 300 millieters
per second. The flame is applied centrally to the middle point
of the bottom edge of the specimen so that the top of the
burner is 101 millieters below the point of the lower end of
the specimen, and maintained at that distance for 10+£0.5
seconds starting when the flame is fully positioned under the
specimen, moving the burner as necessary in response to any
changes in the length or position of the specimen. If the
specimen shrinks, distorts, or melts, the point of application
shall remain in contact with the major portion of the speci-
men. Ifthe specimen drips material during the flame applica-
tion, the burner is tilted to an angle of 45+5 degrees perpen-
dicular to the wide face of the specimen and withdrawn just
sufficiently from beneath the specimen to prevent material
from dropping into the barrel of the burner while maintaining
the 101 millieters spacing between the center of the top of
the burner and the remaining major portion of the damaged
specimen, ignoring any strings of molten material.

After the application of the flame to the specimen for
10£0.5 seconds, the burner is immediately withdrawn at a rate
of approximately 300 millieters per second, to a distance at
least 150 millieters away from the specimen and the after-
flame time (t,) is recorded to the nearest second. As soon as
afterflaming of'the specimen ceases, even if the burner has not
been withdrawn to the full 150 millieters distance from the
specimen, the burner is immediately placed under the speci-
men again maintain the burner at a distance of 10+1 millieters
from the remaining major portion of the specimen for an
additional 10+0.5 seconds, while the burner is moved clear of
dropping material as necessary. After application of the flame
to the specimen, the burner is immediately removed at a rate
of approximately 300 millieters per second to a distance of at
least 150 millieters from the specimen and simultaneously the
afterflame time (t,) and the afterglow time (t,) are recorded to
the nearest second.

The radome 14 will be classified as a V-0 material if appro-
priate conditions are met such as the afterflame time for each
individual specimen (t, or t,) is less than or equal to 10
seconds; total afterflame time for any condition set (t; plust,
for the 5 specimens) is less than or equal to 50 seconds;
afterflame plus afterglow time for each individual specimen
after the second flame application (t, plus t;) is less than or
equal to 30 seconds; the afterflame or afterglow of any speci-
men does not burn up to the holding clamp; and cotton indi-
cator did not ignite by flaming particles or drops.

In another example, the materials of the outer layer 18 or of
the substrate 16, or both the outer layer 18 and the substrate 16
of'the radome 14 can be arranged so that the surface resistivity
of the radome 14 complies with IEC 60079-0:2007, Fifth
Edition. The materials of the outer layer 18 or the substrate 16
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or both of the radome 14 can be arranged so that the radome
14 has a surface resistivity as described in sections 7.4.2 and
26.13 of IEC 60079-0:2007, Fifth Edition. In one example,
the radome 14 can comply with IEC 60079-0:2007, Fifth
Edition if its surface resistance is less than or equal to 10°
ohms when tested according to the following testing protocol.
The radome 14 is prepared for testing by painting two parallel
electrodes on its surface to create a test sample. The elec-
trodes will be painted using a conducting paint with a solvent
that has no significant effect on the surface resistance. The test
sample is cleaned with distilled water, then with isopropyl
alcohol (or any other solvent that can be mixed with water and
will not affect the material of the test piece or the electrodes),
and once more with distilled water. The test sample is dried.
Untouched by bare hands, the test sample is conditioned for at
least 24 hours at 23+2 degrees Celsius and 50+5 percent
relative humidity. The test is conducted under the same ambi-
ent conditions. A direct voltage is applied for 65+5 seconds
between the electrodes at 500+10 volts. During the test, the
voltage is held sufficiently steady so that the charging current
due to voltage fluctuation will be negligible compared with
the current flowing through the test sample. The surface resis-
tance is the quotient of the direct voltage applied at the elec-
trodes to the total current flowing between them. When the
surface resistance is less than or equal to 10° ohms, the
radome 14 complies with IEC 60079-0; 2007, Fifth Edition.

In another example, the materials of the outer layer 18 or of
the substrate 16, or both the outer layer 18 and the substrate 16
of'the radome 14 can be arranged so that the dielectric break-
down voltage of the radome 14 is about 1500 volts root mean
square (VRMS).

In another example, the materials of the outer layer 18 or of
the substrate 16, or both the outer layer 18 and the substrate 16
of the radome 14 can be arranged so that the resistance to
impact of the radome 14 complies with IEC 60079-0:2007,
Fifth Edition. The materials of the outer layer 18 or the sub-
strate 16 or both of the radome 14 can be arranged so that the
radome 14 has a resistance to impact as described in section
26.4.2 of IEC 60079-0:2007, Fifth Edition. The resistance to
impact can be testing using the following testing protocol.
The radome 14 can have a test mass of 1 kilogram dropped
onto it from a vertical height ofh. The heighth can range from
about 0.7 meters to about 2 meters. The mass is fitted with an
impact head made of hardened steel in the form of a hemi-
sphere of 25 millieters diameter. Before each test, the surface
of the impact head is checked to insure good condition. The
resistance to impact test is conducted on a radome 14 that is
completely assembled and ready for use. The test is con-
ducted on at least two samples, at two separate places on each
sample. The radome 14 is mounted on a steel base so that the
direction of the impact is normal to the surface being tested if
it is flat, or normal to the tangent to the surface at the point of
impact if it is not flat. The base can have a mass of at least 20
kilograms or be rigidly fixed to or inserted in the floor. The
test is conducted at an ambient temperature of 20+5 degrees
Celsius. If the radome 14 maintains its structural integrity, it
complies with IEC 60079-0:2007, Fifth Edition.

The foregoing description of embodiments and examples
has been presented for purposes of illustration and descrip-
tion. It is not intended to be exhaustive or limiting to the forms
described. Numerous modifications are possible in light of
the above teachings. Some of those modifications have been
discussed, and others will be understood by those skilled in
the art. The embodiments were chosen and described in order
to best illustrate principles of various embodiments as are
suited to particular uses contemplated. The scope is, of
course, not limited to the examples set forth herein, but can be
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employed in any number of applications and equivalent
devices by those of ordinary skill in the art.

What is claimed is:

1. A radome, comprising:

a substrate including a first material that includes a gener-
ally rigid polymeric material,
wherein the generally rigid polymeric material includes

polyether ether ketone; and

an outer layer including a second material and positioned
adjacent to the substrate.

2. The radome of claim 1, wherein the first material further

comprises includes a filler.

3. The radome of claim 2, wherein the filler is selected from
the group consisting of carbon black, talc, and glass, oxide.

4. The radome of claim 3, wherein the second material is an
elastomeric material.

5. The radome of claim 4, wherein the elastomeric material
comprises polyurethane.

6. The radome of claim 5, wherein the elastomeric material
further comprises a material selected from the group consist-
ing of 1,1'-(Ethane-1,2-diyl)bis[pentabromobenzene], car-
bon black, and antimony trioxide.

7. The radome of claim 1 wherein the second material is an
elastomeric material.

8. The radome of claim 7 wherein the elastomeric material
comprises polyurethane.

9. The radome of claim 8 wherein the elastomeric material
further comprises a material selected from the group consist-
ing of 1,1'-(Ethane-1,2-diyl)bis[pentabromobenzene], car-
bon black, and antimony trioxide.

10. The radome of claim 1 wherein the outer layer is
coupled to the substrate.

11. The radome of claim 10, wherein the outer layer is
over-molded onto the substrate.

12. The radome of claim 10, wherein the substrate includes
a recess and the outer layer includes a protrusion that is at
least partially positioned in the recess.

13. The radome of claim 1,

wherein the radome is operational at a temperature of about
-50 degrees Celsius and a temperature of about 85
degrees Celsius, and

wherein the radome has a dielectric breakdown voltage of
about 1500 volts root mean square (VRMS).

14. The radome of claim 13, wherein the radome is con-

structed so as to comply with:

a chemical compatibility standard of Approval Standard
for Electrical Equipment for use in Hazardous (Classi-
fied) Locations General Requirements, Class Number
3600, November 1998 for at least one test chemical;

a chemical compatibility standard of ISA S12.0.01:1998;

a resistance to light standard of IEC 60079-0:2007, Fifth
Edition;

an ultraviolet light exposure standard of UL 746C, Sixth
Edition;

a flammability standard of UL 94, Fifth Edition;

a surface resistivity standard of IEC 60079-0:2007, Fifth
Edition; and

a resistance to impact standard of IEC 60079-0:2007, Fifth
Edition; and

wherein the radome is classified as V-0 for a flammability
standard of UL 94, Fifth Edition.

15. The radome of claim 1, wherein the radome is con-
structed so as to comply with:

a chemical compatibility standard of Approval Standard
for Electrical Equipment for use in Hazardous (Classi-
fied) Locations General Requirements, Class Number
3600, November 1998 for at least one test chemical;
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a chemical compatibility standard of ISA $12.0.01:1998;
a resistance to light standard of IEC 60079-0:2007, Fifth
Edition;
an ultraviolet light exposure standard of UL 746C, Sixth
Edition;
a flammability standard of UL 94, Fifth Edition;
a surface resistivity standard of IEC 60079-0:2007, Fifth
Edition; and
aresistance to impact standard of IEC 60079-0:2007, Fifth
Edition; and
wherein the radome is classified as V-0 for a flammability
standard of UL 94, Fifth Edition.

16. A wireless communication device comprising:

abody arranged to include communication equipment; and

a radome coupled to the body, the radome including

a first portion including a first material that includes a
generally rigid polymeric material and
a second portion including a second material that
includes a generally elastomeric material, and
wherein the radome is operational at a temperature of about
-50 degrees Celsius and a temperature of about 85
degrees Celsius.

17. A wireless communication device comprising:

abody arranged to include communication equipment; and

a radome coupled to the body, the radome including

a first portion including a first material that includes a
generally rigid polymeric material that includes poly-
ether ether ketone and

a second portion including a second material that
includes a generally elastomeric material, and

wherein the radome complies with a chemical compatibil-
ity standard of Approval Standard for Electrical Equip-
ment for use in Hazardous (Classified) Locations Gen-
eral Requirements, Class Number 3600, November

1998 for at least one test chemical.

18. The wireless communication device of claim 17,
wherein the radome complies with a chemical compatibility
standard of Approval Standard for Electrical Equipment for
use in Hazardous (Classified) Locations General Require-
ments, Class Number 3600, November 1998 for at least two
test chemicals.

19. A wireless communication device comprising:

abody arranged to include communication equipment; and

a radome coupled to the body, the radome including

a first portion including a first material that includes a
generally rigid polymeric material that includes poly-
ether ether ketone and

a second portion including a second material that
includes a generally elastomeric material, and

wherein the radome complies with a chemical compatibil-
ity standard of ISA S12.0.01:1998.

20. A wireless communication device comprising:

abody arranged to include communication equipment; and

a radome coupled to the body, the radome including

a first portion including a first material that includes a
generally rigid polymeric material that includes poly-
ether ether ketone and

a second portion including a second material that
includes a generally elastomeric material, and

wherein the radome complies with a resistance to light
standard of IEC 60079-0:2007, Fifth Edition.
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21. A wireless communication device comprising:
abody arranged to include communication equipment; and
a radome coupled to the body, the radome including
a first portion including a first material that includes a
generally rigid polymeric material that includes poly-
ether ether ketone and
a second portion including a second material that
includes a generally elastomeric material, and
wherein the radome complies with an ultraviolet light
exposure standard of UL 746C, Sixth Edition.
22. A wireless communication device comprising:
abody arranged to include communication equipment; and
a radome coupled to the body, the radome including
a first portion including a first material that includes a
generally rigid polymeric material that includes poly-
ether ether ketone and
a second portion including a second material that
includes a generally elastomeric material, and
wherein the radome complies with a flammability standard
of UL 94, Fifth Edition.
23. A wireless communication device comprising:
abody arranged to include communication equipment; and
a radome coupled to the body, the radome including
a first portion including a first material that includes a
generally rigid polymeric material that includes poly-
ether ether ketone and
a second portion including a second material that
includes a generally elastomeric material, and
wherein the radome is classified as V-0 for a flammability
standard of UL 94, Fifth Edition.
24. A wireless communication device comprising:
abody arranged to include communication equipment; and
a radome coupled to the body, the radome including
a first portion including a first material that includes a
generally rigid polymeric material that includes poly-
ether ether ketone and
a second portion including a second material that
includes a generally elastomeric material, and
wherein the radome complies with a surface resistivity
standard of IEC 60079-0:2007, Fifth Edition.
25. A wireless communication device comprising:
abody arranged to include communication equipment; and
a radome coupled to the body, the radome including
a first portion including a first material that includes a
generally rigid polymeric material that includes poly-
ether ether ketone and
a second portion including a second material that
includes a generally elastomeric material, and
wherein the radome complies with a resistance to impact
standard of IEC 60079-0:2007, Fifth Edition.
26. A wireless communication device comprising:
abody arranged to include communication equipment; and
a radome coupled to the body, the radome including
a first portion including a first material that includes a
generally rigid polymeric material that includes poly-
ether ether ketone and
a second portion including a second material that
includes a generally elastomeric material, and
wherein the radome has a dielectric breakdown voltage of
about 1500 volts root mean square (VRMS).
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